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ACOUSTIC VELOCITY - EREADBOARD TESTS

Summérx_

Surface velocity measuremerts with breadboard aéparatus.
have been made (in air) on dry sandy soil, moist clay, loose dry
sana, and concrete slab.' Subsurface‘meésurements were made in
moist clay, and in stacked cubes of hard rock. Also, a subgurface..
;esf was made with the sonde buried in loose sand. These testg

included use of both geophones and accelerometers as detectors,

“and both explosive'and dropped weight as accustic source. The

explosive source was tested wherein the gases were directly .
exposed to the material under test, and wherein thé gases were
confined within a rubber diaphram and exhausted away from the
material. |

The results of these tests, with additional consideration
for weight and size limitations, and environmental conditioms,

indicate that geophones on the surface and an accelerometer in the

downhole sonde are preferable as detectors. The source should

preferably be of the explosive type. However, vacuum testé with
the Bfeadboard equipment, presently being made'ﬁy Jet Propulsion
Laboratory, will have to dictate the final chcice as to whethér
or not the explosive can be used, and if so, whether or not it be
of the enclosed type.

Preliminary reports from the vacuum tests indicate that
thé gas wave given éff from the open type explosive source does

not: produce cbjecticnable signals at the geophene detectors.

1:794 .36-1
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However, this source holder, when used in vacuum, recoils
violently’from the surface and is therefore objectionable. The
enclosed type source holder (having hemis pherical rubber diaphram

between source and surface, and having gases vented away from

~ the surface) was found to be reasonably stable. These vacuum

tests were made on unconsolidated, fine-grain sand.
| The framework of the open type explosive source holder

used in these tests is shown in Fig. 19. Six (6) sources (DuPont

' X-3113 Mild Electric Initiators) were mounted in the clips pro-

vided, and the "wire-breaks" for sync. (#34 wire) were mounted on
terminalsbnear the source. Each or the six '"compartments" were

then'péckedlwith glass wool. The compartmenting and the glass

- wool were used to prevent detonation of one explosive by another.

‘These provisions were found to be more than adequate for the

purpose.
| For the enclosed explosive source tests, the aluminum

"shell” shown in Fig. 20 was used. The aforementioned source

lholder was mounted inside the shéll, and leads brought out on

teflon feed-thru terminals. A hemisphere of rubber, 5 in. dia.
by 1/8 in. thick, was clamped over the opening of the aluminum
"shell". The unit was then placed on the surface with the rubber
hemisphere making contact with the surface. The gases from the
explosion were vented out the top thréugh a tube. Use of an
enclosed type source of this type will probably require that it

be mechanically attached to the spacecraft. This is undesirable
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since the attachment offers an'acqustic pafh through the spaée-
craft to the detectors. However, there appears to be no alterna-
tive. Such attachment needs to assure that the source be placed
_ih“its correct position on the surface with a selected side down

‘ » - and to offer shock mounting, especially for vertical movemernt.

| The acoustic_enefgy from an impact hammer has been found
| to be reasonably satisfactory for this measurement if the hammer
is made to impact against a solid bbject which has been placed on
the surface. An impact directly against the‘surface is not
safisfactbry. The major problem with. this type source is the
extremé'weight limitation and/or mechanical manipulation require-
ments. Also, the source needs to.be acoustically "quiet"
immediately before impact. It was found that a 2 1b. weight
dropped from a height of 1 ft. could approximately simulate the
explosive source. Time-of-impact on such a source can be detected
by use of an accelerometer mounted on the "harmer" (ot on the

impact block).

Test Results, General

Results of tests performed under various conditions
with various materials, soufces,'and detectors arerindicated in
Figs. 2 thru 18. The receiver amplifier system used, whether it
E be for geophone or accelerometer, is shown in Fig. 1. - Record-

l ings of received éignal were made using a Tgktronix 535 oscillo-
! scope and a Polaroid camera. In most cases,\the oscilloscope |

vertical gain was adjusted as high as practical, depending on

1:794.36-3
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backgrbund acoustic ndise. When usiﬁg the explcéive.source, thé
oscilloscope was synchronized by use of ‘a "wire;bréak"'method,
the wire being located véry'néar.the explosive; When using a
dropped weight as source,’ the synchrénizing signal came from an |
accelerometer mounted on the weight. Synchronization from the
"wire-break" was found to be considerably more accurate and
repéatable than that from the mounted accelerometer. |

The results shown in the aforemeationed figures were

" gselected as being the most representative and informative of a

much 1arge: number of tests. Results of the other tests are
available in the "raw" data form; many of these were made for
1nterpretation studles.

Most of the conditions under which the data on Figs. 2
thru 18 were taken are indicated on the figures. However, further
discussion as to the purpose, significance, and interpretation of

these tests is given in following paragraphs.

Surface- Tests

The tests shown in Figs. 2, 3, and &4 were performed on
a dry, sandy, roadbed. The test in Fié. 2 was made to determimne
the actual velocity of the material and from this test the com-
pressional wave (P-wave) velocity was estimated at 950 ft/sec.
In this case one (1) X-311B éxplosive source was buried 6 in.
deep. Data in Fig. 3 was made under the same conditions, except

that the explosive source and holder were located on the surface.

1:794.36-4
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~In this case, it may be noted that rather high amplitude and high
frequéncy energy was detected at times corresponding to the air
wave velocity; making it difficult to detect the time-of-arrival
of ground wave energy. | | |

The test indicated in Fig..4~was made to determine
whethef or not location of thevspacecraft’legs in the proximity
- of the source and one detector could be tolerated. The acoustic
‘,pgth through the spacecraft was simuiated by use of é.triéod made
~of 3/4 in. steel pipe. The signal from Detector No. 2 (upper
| trace) shéws considerable energy arriving at the éecon& detector
i which had to have traveled the metal path due to its early
arrival. Fig. 4 and Fig. 3 offer a direct comparison of signals
with and without ther"spacecrafﬁ'legs.‘ It is felt tbat to elimi-
nate this probleﬁ by acoustic decoupling methods within the space-
craft legs would be impractical. Thus, it has been recommended
that the source be located under the spacecraft. and approximately
- equi-distant from the three legs. In this arrangement, the first
detectér Qouldfbe mounted near one leg and the other mounted in
'thg surface dénqity device and located several feet beyond the
first detector. | |

Figs. 5 thru 8 {ndicate conditions and results of tests
on a concrete slab., Figs. 5 and 6 offer a comparison of the
signals recorded when "hammer" source 1; directqdragéinic ths
surface and againat the\edge of the slab. The "hAmmer" was a

2 1b. weight with {impact velocity roughly equivalent to 1 fe.

1:794.36-5
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free-fall. Three repeat photos are indicated for each hammer test
since some variations will be found due to changes in scope

synchronization and signal generated with different hammer blows.

. The first detectable energy in ‘Fig. 5 would indicate approx1mate

velocity of 8300 ft/sec. However, it may be noted that Flg. 6

offers velocity measurement of approximately 16,600 ft/sec. -This'

would indicate that compressional wave energy'is'not detected in

the first case, but is readily detected with the hammer blow

 against the edge. The relative amplitudes of the first half cycles

of signals in Fig. 6 indicate an apparent increasebin signal with
distance.  This is probably due to the difference in sensitivity
of the geophones to the indicated frequencies, and to the
separation (in tlme) of the P-wave and Rayleigh wave energy w1th
distance traveled »

Fig. 7 offersrresults of the same set-up as Fig;'s except
that the open-type explosive scurce is substituted for thé weight

drop. Here again,'first-detected‘energy indicates approximately

8300 ft/sec. velocity.

Verification of both the Rayleigh wave and P-wave

velocities can be seen in Fig. 8 where accelerometers are used

with the explosive source. Here, the very-high-frequency, low-

amplitude P-wave is indicated on both accelerometers as well as

,-fhelhigh~amplitude, lower-frequency Rayleigh wave, having

velocities of approximately 16,600 and 8300 ft/sec., respectively.

It is felt that the concrete slab represents about the

1:794.36-6
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poorest cdﬁdition one might encounter for generating P-wa§e_.7A"
energy in a frequency range suitable for a geophone. Obviously,
ﬁhe P-wave energy here is too high in frequency for the geophone.

In such materials as concrete, the aécelefoﬁeter has the advantage.
However, the advantage 1is not considered strong enough'to offset
the probleﬁs with the accelerometer in low velocity materials,

With the geophone in the concrete, one can at least be assured of

~detecting Rayleigh wave energy which, with expérienéevand

possibly other informatibn, may be recognized as Rayleigh wave,
allowing a valid velocity determination. With a misinterpretationm
of the type of wave, one has an error of approximateiy +907 (or

-47%, as the case may be), assuming P-wave to Rayleigh wave

.velocity ratio to be 1.9.

Figs. 9 thfu 12 are results of tests made on a clay type
soil where considerable moisture wés present except in the top
two or so inches, the surface being quite dry aﬁd cracked. Sur--
face measurements indicate approximately 1250 ft/sec. velocity.
(Downhole measurement, Fig. 18, indicates velocity of 1550 ft/sec.)
’ ‘ Fig. 9 and 10 offer a comparison of signals from verti-
cal impact as against horizontal impact. Since no. essential

change is indicated (other than amplitude),vope would assume the

- detected energy to be P-wave.

Substitution of the open-type explosive source for the
bammer offers the signals recorded in Fig. 1l1. It may be noted

here that the apparent signal frequency is higher than with the.

1:794.36-7
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hirmer source and that the fifst half cycle (positive) on the
-second detector is hardly detectable. Comparison of the two
. detector signals is helpful in making the interpfetationf Tﬁis
“record offers an explanation as to why'it‘is desiraﬁle to utilize
~ the highest detector amplifier gain practical, limited only by
background acoustic or electrical noise. . |

~Fig. 12 is the recorded signal for the same conditions as
Fig. 11, except that accelerometers are used instead of geophones.
Here the first half cycle on the éecond detector is lost. The most
éécurate and valid measurement here would utilize the distance to
the first detector and the time of the first recdrded signal on |
that detector.

: Fig. 13 and 14 indicate results from tests in loose, dry
éand. This material, having velocity lower thaﬂ»air,,required in-
- sertion of a steel plate as shown in Fig. 13 to prevent reception
of the first arrival air wave, both with explosive source and hammer
type source. In the case of the hammer type source, the impact
against the sand generated signals too low in frequency to be uti-
1ized for velocity measurements with the practical limitations in
spacings in the lunar application. However, it was found that an
iﬁpact against a small metalic plate resting on the surface gene-
rates usable signals. The impaét against a plate also generates a
réther.strong air-wav;, similar to that generated by the explosive
source. Insertion of the high density steel plate near the source,
and between tﬁe source and detectors, allows measurements of sand
'velocities, even in air. The velocity of the sand was determined

1:794.36-8
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to be approximately 550 ft/sec. This is indicatéd in Figs. 13 and

14 and was also verified by wvertical and lateral hammer impacts.

In Fig. 13, the strong negative going "'breaks"” are the

responses from-signals traveling in the sand. (It should be noted

here that the geophone connections for tests of Figs. 13, 14,

and 15 ﬁere in reversé polarity from those used in all other geo-
phone tests herein shown.) The relativeiy low amplitude positive-
going first "break" in Fig. 13 is due to arrival of a weak air-

wave, the path of which.was around the edges of the steel plate,

 possibly reflected by the walls of the container.

‘The amplifier gains used in Fig. 13 and several other
tests indicated in this report are obviousiy much higher than was
necessary, Or even desiréble, for the conditions of the particular
test. However, since the conditions of the material to be tested
on the lunar application will not be known and amplifier gain
adjustments will not be available, it is considered necessary that
these tests be run with the highest possible gains, limitedronly
by acoustic background noises. | | '

In anticipation of problems with the open—type'explosive
source holder when tested in vacuum, an enclosure-éohsisting of
an aluminum housing, but witﬁ.é rubber hemisphere for contact to

the surface, was tested in the sand and on the concrete slab.

 Results of these tests are indicated in Figs; 14 and 15. Fig.

14 and 13 were under similar conditions except for the enclosure i

1:794.36-9
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of the source. (The time-scale on the racords were different by
a factor of 2.) Fig. 15 and 7 were also under similar conditions
except for tha enclosure. These two comparisons indicate that no
major loss of data ia>incurred by the insertion of the rubber
befween'the source and the surface, at least not in loose sand
nor in the concrete slal.

-~ The breadboard deaign incorporated a geophona-with the

surface density unit as second detector. The geophone in this

assembly'wasicompared~with a separate geophone by placing them |

side by side on the ground and looking for wave shape difference
in the first cycle of a signal from a hammer impact. An insig-

‘nificant difference was indicated. This test included placement

-of the denéity—geopbone combination such that the geophone was

positioned off vertical as much as 45°. The effects poted were

cqnsidered minor.

‘Subsurface Tests

The source holder used in the downhole acoustic tests
was the open é;;é - The materials tested included tﬁe moist clay
used in surface measurements, but containing a 1-1/2 in. hole,
and a stack of Austin chalk and Carthage marble rocks, as shown
in Fig. 16. The detector used was an Endevco Model 2213 accelero-

meter. The final breadboard sonde contained a Model 22210

' accalerometer, the exchange made because of physical dimension

and envirommental problems with the Model 2213.

1:794.36-10
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Fig. 17 shows. results of tests uﬁder conditions similaf
to those in Fig. 16, except that a layer of sand, 1-1/2 in. thick,
was placed on the "surface". The difference in tfavelvtime to
‘the 3-1/2 ft. depth (0.6 - 0.33 = 0.27 ms for 1-1/2 in. of sand)
corresponds to approximately 460 ft/sec,-velocity for the sand.
The layer of sand above a high velocity, high denéity material,
plus the discontinuities ai 1 ft. intervals due to the stacked
blocks, are considered to be as detrimental for this measurement
as one can anticipate as.far as energy level is COnsideféd‘

Signals in Fig 18 indicate the results of subsurface
tests in moist clay. These are considered idealized'signals and
indicate the advaﬁtage gained when the source can be directed
toward the deteétor (as c0mpéréd to the sdrféceimeasﬁrement),

Several other tests were performed with the sonde, the
results of which are not attached (but are availéble in slide
photographs). In one case-the acoustic section of the sonde was
buried in loose sand approximately 1 ft. deep. The unit was
found to be very sensitive to first arrival energy from hammer
~impacts on the surface for lateral distance of at least 2 ft.
Larger dimensions were not tested due to limited sample size;
however, no probleﬁ is anticipated here.

Tests were made to-determine if a problem wohld be
"encountered due to azimuthal directivity of the soﬁdé‘detector
relative to the direction fo the source. Tests in the 1 ft.

cubes of rocks could not be conclusive due to the close boundaries.

1:794.36-11
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~ However, tests in the moist clay indicated seme direction sensi-

tivity at depths near 1 ft. or less. When the detector is

~ located on the borehole wall opposite the source, there is a

8light dglay {n first-arrival time and some loss in amplitude.

:‘Beiow the’depth of 1 ft.,bthefe was little or no effect due to

rotation of the sonde.

The original plans to use a miniature geopﬁone in the

"downhole sonde have been canceled. Manufacturing problems plus

operational failures made it undesirable to pursue'this further.

Also, the fact that the source is directed more or less toward

the detector in the subsurface application, offering relatively

high amplitude and high frequency signals at the sonde; allows

- satisfactory detection with an accelerometer.

Investigation of the signal received when the acoustic

' detector fails to make direct contact with the wall indicated .

that the received signal under this condition is considerably
reduced in amplitude and frequency from that received when the
detector is in good contact. it is assumed that comparisoh of
signals for various depths will allow elimination of those taken

under the'"né-contact" condition.

Additional Tests and Comments

Several other tests were made, the results of which are
not attached in this report. (Howeﬁer, original data sheets and
films on these are available.) Attempts were made to eliminate

air wave by placement of large amounts of glass wool on the

1:794.36-12
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.surfacerover the area of test. The air wave was only partially
reduced by this method. The use of a high density plate was
.found to be much more practlcal.

’ ~Several designs of enclosed source holder were tested.
One factor learned from these was' that the'explosiVe gases shouid
not Be highly confined. Provision for reasonable venting is
needed to assure against physical destruction of the holder;

Some testing with the dowhhole sonde was done to deter-
mine if tﬁe "short circuiting" of acoustic energy through the
mechanical attachment to the sonde would be a problem The 1/4 in.
rod, used to manipulate»the sonde, Qas held against the side of
the borehole at the top of the hole while hammer impact signals
wefe induced at the surface near the hole, and detected at the
sonde. This.was done both in hard rocks and in the moist clay
hole. There was no apparent effect.’ However, it may be noted
in Fig. 18 for thé signal at 3-1/2 ft. depth (with the explosive
source) that a lcw-amplitude, high-frequency signal-is indicated
‘very shortly before the main first break. This is possibly due
to acoustic energy traveling the sonde and rod path. In this
case, no problem exists in interpretation however, and it is
believed that the decoupling and filtering which exists along
the sonde path and in the accelerometer mount will normally allow
differentiation between a sonde path signal and the corfect
signal. | .

The problem of recognizing whether or not P-wave .

1:794.36-13
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{compressional wave) energy is being detected in the surface

measurement has not been completely and satisfactorily resolved.

Apparently, in low velocity materials (and thus low frequency

'signals) the P-wave energy is readily detectable and interpre-

tation in this range would normally assume P-wave. However, iﬁ
high velocity materials, the P-wave energy traveling laterally -
across the surface is of such high frequeﬁcy and low amplitude,
and attenuates so rapidly, that its detection is ﬁot assured,
(The Rayleigh wave in.such éése should be detéctable.) Thus,
determination of the velociﬁy and the type wave should be done by
an experienced intefpréter. A suécegsful subsurface acoustic
test would offer confirmation of interpretation of surface data.

The list of equipment used in testing and test procedures

- was outlined in a previous report, '"Outlines of Breadboard Test

Ekperiments", and will not be repeated here. Also, interface
data were given in a previous report, "Physical Parameters
Instrumentation for Sﬁrveyor, Interface and Descriptive Infor-
mation", dated Aprilj21, 1961. One major change since this
report wasbthe replacement of the downhole miniature geophone
with an accelerometer.

Also, it has been found desirable to use spacings for
Su:face measurements that are in the minimum range of those out-
iined in aforementioned reports. In fact, if it becomes
desirable, for other reasons, to use spacings as short as 3 ft.

(3 ft. between source and Detector No. 1 and 6 ft. between source

1:794.36-14
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" and Detector No. 2), tﬁis would be considered permissible. A
8slight loss in timing accuracy would be encountered in the high
velocity range, but confidence in validity would be improved;

| Design drawings for the Surface Density - Acoustic

_Detéctor combination, and for the subsurface sonde (including
downhole acoustic detector) will be supplied to Jet Propulsion

Laboratory under separate cover.

1:794.36-15
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FIGURE 2

BURIED SOURCE - ACCELEROMETERS - DRY SOIL
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FIGURE 3

AIR WAVE MERASUREMENT
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FIGURE 5
WEIGHT DROP - SURFACE - CONCRETE
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Material Velocity:
Measured Velocity:
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i :lﬁi | J
AT T |
Explosive o ‘Geophones
Source 5 f¢, n sfe. 0
7 7 7 7 —7 7 7
Moist Clay
Sweep: 2 ms/div.
Sensi: 0.2 v/div.

1250 ft/sec. (P-wave)
1200 ft/sec. (P-wave)

FIGURE 11

EXPLOSIVE SOURCE - MOIST CLAY - GEOPHONES
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1:794.36-26
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Explosive ' - - Accelerometers

Source s £t. AD
7 J:7: 7 ‘_; L‘ 7 _~‘g‘ 7 7 7 _ 7 7/
Moist Clay

Sweep: 2 ms/div.
Sensi: 0.5 v/div.
.. Material Velocity: 1250 ft/sec. (P-wave)
i o Measured Velocity: 1000 ft/sec., At
-~ 1250 ft/sec., lst receiver

FIGURE 12 e
EXPLOSIVE SOURCE - MOIST CLAY - ACCELEROMETERS -

1:794-64
1:794.36-27




' 1/4 in. steel plate, 32 in. wide, 43 in.
, , - high. _

11

,Expioéi&e
Source

Geophones | 3 ft.

_ Source—to—Rl = 1 ft.
RI’FO-RZ -= 1 ft.

wood box —~

Sand - 16 in. deep 1
3 ft.

—_— TOP VIEW

Sweep: 1 ms/div.
Sensi: 1 v/div. _
Material Velocity: 550 ft/sec. (P-wave)

Measured Velocity: 500 ft/sec. (discounting air wave
on detector No. 2)

FIGURE 13

- EXPLOSIVE SOURCE - DRY SAND - GEOPHONES

1:794-65
1:795.36-28
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Note:

Geometry, material, and detectors, same as in Fig. 13.
Explosive gource is mounted in metal-rubber enclosure.

Sweep: 2 ms/div.
Sensi: 0.5 v/div.
Material Velocity: 550 ft/sec. (P-wave)

Measured Velocity: 500 ft/sec. (discounting air wave
on detector No. 2)

FIGURE 14

ENCLGSED EXPLOSIVE SOURCE - DRY SAND - GEOPHONES

1:794-66
1:794.36-29
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Enclosed Explosive Geophones
A S f . *

€Concrete Slab

Sweep: 0.5 ms/div.
Sensi: 0.1 v/div.
Material Velocity: 16,600 ft/sec. (P-wave)

- 8,500 ft/=sec. (Rayleigh)
Measured Velocity: 8,300 ft/sec. (Rayleigh)

FIGURE 15

' ENCLOSED EXPLOSIVE SOURCE - CONCRETE - GEOPHONES

1:79%-67
1:794.36-30
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Sweep: 0.1 ms/div.
- Multiple Sensitivity: 1.0 and 0.1 v/div.
Material: Austin chalk and Carthage marble
First Arrival Time, 1 ft.: 0.12 ms. :
3.5 ft.: 0.33 ms. ‘
Measured Velocity: Austin chalk - 10,000 ft/sec.
' Carthage Marble - 13,500 ft/sec.

FIGURE 16

DOWNHOLE VELOCITY - HARD ROCKS - EXPLOSIVE SOURCE

1:794-08
1:794.36-31
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Test Conditions: Same as in Fis. 16 except that 1.5 in. layer
of dry sand placed on top rock, under explosive source. Depth
of detector was 3.5 ft. plus the 1.5 in. of sand.

Sweep: 0.5 ms/div.
‘Multiple Sensitivity: 2.0 and 0.2 v/div.
First Arrival Pick: 0.6 ms.

FIGURE 17

DOWNHOLE VELOCITY ~ HARD ROCKS - EXPLOSIVE SOURCE
© SAND SURFACE

1:794-69
1:794.36-32
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\ 3 ft. Depth .
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Sweep: 1 ms/div.
Multiple Sensi: 1 ft. depth - 0.5 and 5.0 v/div.
3 ft. depth - 0.2 and 2.0 v/div.
Time Pick, 1 ft. Depch: 0.9 ms. . : ‘ '
3 ft. Depth: 2.0 ms.
Measured Velocity: 1550 ft/sec.

FIGURE 18

DOWNHOLE VELOCITY - MOIST CLAY - EXPLOSIVE SOURCE

1:794-70
1:794.36-33
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